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ABSTRACT 
Data Analysis of Utah’s I-80 and I-215 Bridges – For the Use in the 
Development of Accelerated Bridge Construction Standards  
by 
Erik S. Rosvall, Master of Science 
Utah State University, 2010 
Major Professor:  Dr. Marvin W. Halling 
Department:  Civil and Environmental Engineering 
This study discusses five bridges on Utah’s I-80 that were replaced in the summer 
of 2008 using Accelerated Bridge Construction methods.  Each superstructure was built 
offsite and moved into place with the use of Self-Propelled Modular Transporters.  The 
bridges were instrumented and monitored during the moving process to investigate the 
effects of moving an entire superstructure into place.  Collected data was analyzed to find 
the level of stress each superstructure experienced during lifting, moving, and placement 
of each bridge.   
The change in supporting conditions from when the superstructure was built to 
being transferred onto Self-Propelled Modular Transporters caused significant stress 
reversals for all the bridges studied.  A two-dimensional analysis was done using the dead 
load of the structure to find the initial stresses in the superstructure when supported on 
temporary abutments.  The measured change in stress due to lifting was compared to 
calculations.  The difference between these two stresses was defined as the lifting stress 
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in the superstructure. Additionally, dynamic stresses incurred due to the bridge moving 
are determined to be within design tolerance. 
 (89 pages) 
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CHAPTER 1 
INTRODUCTION 
Accelerated Bridge Construction (ABC) is becoming standard practice for the 
Utah Department of Transportation (UDOT).  In the summer of 2008, all five of the 
prefabricated bridge superstructures considered in this study were installed with the use 
of Self-Propelled Modular Transporters (SPMT’s) on I-80 in the Salt Lake City, Utah 
area.  This construction method allows bridges to be replaced in a significantly shorter 
amount of time than conventional methods.  This process involves building a bridge 
superstructure, offsite, on temporary supports as seen in Figures 1 and 2.  The 
superstructure is then supported by carrier beams and lifted by hydraulic jacks onto the 
SPMT’s and driven to its final location as seen in Figure 3.  The bridge is then lowered 
onto its permanent supporting abutments.  A list of the five bridges investigated, as well 
as information about each, is shown in Table 1.  The lifting point locations, representing 
the distance from the end of the bridge to where the bridge was lifted, varied for each 
bridge and are shown as a percentage of the overall length. 
These bridges were instrumented with strain gages to monitor the bridges on-site, 
while being lifted, during the move, and while the superstructures were placed into their 
final positions with the SPMT’s.  The UDOT was interested in learning from these bridge 
moves in order to improve the process for future moves.  Ms. Shana Lindsey, Director of 
Research, managed and facilitated the instrumentation, data collection, and data 
processing.  The data collected during this process was then used for further study by 
researchers at Utah State University (USU).  The scope of this research was to determine  
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Figure 1.  Bridge farm (offsite location of superstructure construction). 
Table 1.  Bridge information 
 
and analyze the stresses that each bridge experienced during the moves and the level of 
the dynamic effects on the bridges during the moves.  These measured stresses were then 
compared to the stresses determined by analysis. 
Bridge No. Bridge Name Girder Info Length (ft) Lift Point Skew (Deg)
1 Highland Drive 8 Steel Girders 138.5 0.34 L 18.9
2 900 East 10 Steel Girders 118.5 0.31 L 2.9
3 700 East 8 Steel Girders 170.4 0.31 L 12.6
4 600 East 8 Steel Girders 81.9 0.25 L 6.6
5 600 East Ramp 5 Steel Girders 82.2 0.25 L 8.3
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Figure 2.  Bridge superstructure on temporary supports. 
 
Figure 3.  Carrier beams and SPMTs.  
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CHAPTER 2 
LITERATURE REVIEW 
An international scanning team traveled to active construction sites in Japan, the 
Netherlands, Belgium, Germany, and France to identify innovative applications of 
prefabricated bridge elements and systems.  One such application was the use of SPMT’s 
to remove old bridges and replace them with new bridges that were built offsite.  Other 
moving techniques utilized included; skidding or sliding bridges into place horizontally, 
launching bridges longitudinally across valleys or above existing highways, floating 
bridges into place using barges or a temporary dry dock, and building bridges alongside 
an existing roadway and rotating them into place.  This scan focused on the identification 
of such applications and discussed how such applications could be used in the United 
States (Ralls et al., 2004). 
The Texas Department of Transportation has incorporated ABC into the designs 
of some their bridges.  Two new bridge superstructure systems were developed (Freeby, 
2005) that can be prefabricated offsite and moved into place these two systems are a steel 
tub girder and a prestressed concrete pretopped U-beam.  Each system is topped with a 
concrete slab to form a section of the deck and then hauled into place and joined to 
similar sections by a cast-in-place closure pour.  These two bridge superstructure systems 
focus on the benefits and disadvantages of such systems. 
The use of SPMT’s in the United States has increased in the past few years.  
Graves Avenue Bridge, a Florida of Transportation bridge, was replaced with the use of 
SPMT’s in 2006 (U.S. DOT, 2007).  This was the first bridge that spanned across a 
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United States Interstate Highway that was replaced with the use of SPMT’s.  This study 
details how the old bridge was removed using SPMT’s and the construction and erection 
process of the new bridge.  The study also includes delay related cost savings lessons 
learned from the bridge move. 
A number of other case studies were done by the FHWA of ABC projects using 
SPMT’s for bridge moves (U.S. DOT, 2007).  These include:  Louisiana Department of 
Transportation and Development’s replacement of a damaged bridge on I-10, Rhode 
Island Department of Transportation’s Providence River bridge on I-195, the City of 
Chicago’s Wells Street Bridge truss span replacement, and Washington State Department 
of Transportation’s Lewis and Clark Highway Bridge deck replacement.  The same study 
also includes case studies on two European bridge moves.  The first was the A4/A5 
Highway Bridge near Amsterdam’s Schipol Airport in Badhoevedorp, Netherlands.  The 
other was the PRA 1309 Railway Bridge in Nonant Le Pin, France.   
One of UDOT’s first experiences with ABC was with the 4500 South Bridge in 
Salt Lake City, Utah.  The old bridge was removed with SPMT’s and the replacement 
bridge was built offsite and placed using SPMT’s.  However no study was done on the 
bridge superstructure while being moved (U.S. DOT, 2009). 
These case studies, however, were focused more on construction methods and 
cost effectiveness than on bridge behavior or performance. None of these bridge move 
case studies considered the effects of the move on the actual bridge elements.  The 
recommended 15% (U.S. DOT, 2007) impact factor to dead load has yet to be confirmed 
by an actual study.  The stresses induced in bridge elements due to lifting with SPMT’s 
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has also not been confirmed using experimentally collected data.  The current research 
provides data that is useful in addressing the behavior of bridge superstructures during 
lifting and moving. 
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CHAPTER 3 
DATA COLLECTION, PROCESSING, AND ANALYSIS 
Sensor Type and Placement 
Each bridge was instrumented using strain gauges placed at various locations on 
selected girders to monitor the change in strain during each process of the move.  The 
gauges used were 2 meter long (fiber optic) optical strands.  These optical strands 
measured the extension or contraction along the length of the strand where the sensors 
were placed. Figure 4 shows a plan view of the complete layout of sensor locations for 
each bridge.  All sensors were installed in pairs with one on the web 2.5 inches up from 
the top of the bottom flange of the steel girder and on the top 2.5 inches down from the 
bottom of the top flange.  The sensors near the lift points were located on the web while 
the sensors located at mid-span had the top sensor located on the bottom surface of the 
concrete deck as shown in Figure 5 (a).  Sensors 1, 2, 4 and 5 for each bridge were 
located one foot from the diaphragm on the cantilevered side on the first interior girders 
where the bridge was lifted.  The exception to this was on Bridge 1 where they were 
located on the exterior girders as shown in Figure 4.   
The duration of the bridge lifting and moving operation varied considerably but 
could be as long as three days.  Because of the long duration of these bridge lifting and 
moving operations, two sampling rates were established.  The “slow” rate was one 
sample per minute.  This sampling was expected to give the “static” condition of the 
structure and is referred to as the static data. At any time during the move, the onsite 
8 
 
technician could switch the data acquisition into “dynamic” mode at which the sampling 
rate was set at 50 samples per second. 
 
 
 
Figure 4.  Sensor layouts (plan view). 
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Figure 5.  Cross sectional view of sensor plan (a) with initial and lifting stress  
distribution (b). 
Sampling Rates 
The evaluation of the data is constrained by the fact that the move was not all 
recorded in “dynamic” mode.  Therefore, it is recognized that some of the dynamic 
effects which occurred may not have been recorded with the system recording the 
dynamic rate.  The collection of the dynamic data is neither comprehensive nor random 
but was decided by the onsite technician at different times during the move.  In the 
analysis it is noted that maximum values could be omitted from any data set.  Similarly, 
any “average” values determined are not true averages because the data was not sampled 
randomly.   
10 
 
Measured Stresses 
The sensors used were two meters long and measured the change in length of the 
sensor between the two attachment points.  By calculating the change in length divided 
by the original length, an average strain (ε) is obtained for a two meter gauge length.  
Stresses were calculated using Hooke’s Law  (σ = Eε) with an estimated Young’s 
Modulus (E) for steel of 29,000 ksi.  
 The sensors were attached to each bridge while it was initially simply supported 
by temporary abutments at the girder ends.  At that point the fiber optic sensors on the 
girders were zeroed.  However, the bridge girders were initially stressed due to their own 
dead weight while the cast in place concrete was essentially unstressed.  An example of 
this initial stress distribution is shown in Figure 5 (b).  When the bridge was lifted by the 
SPMT’s, the sensors measured the change in strain caused by lifting the superstructure.  
In all cases, the stresses associated with the strains in the upper sensors were tensile and 
the lower were compressive (Figure 5b). A typical moment diagram for the initial and 
lifting configurations is shown in Figure 6. 
11 
 
 
Figure 6.  Initial and lifting moment diagrams. 
 All initially unstressed deck concrete was subjected to tensile stresses and in all 
cases the initial calculated compressive stresses in the upper part of the steel girders 
reversed and the initial calculated tensile stresses in the lower part of the steel girders 
reversed.  Since the initial stresses were not measured, all experimentally measured 
stresses are changes in stress and rely on calculated initial stresses. 
 Three types of stresses were identified from the strain measurements; measured 
change in stress due to lifting (σ-change), equivalent temperature stress (σ-temp) and 
dynamic stress (σ-dyn) (Figures 7, 8).   Temperature “stress” (Eε) is only an equivalent 
stress since the expansion and contraction in the girders due to temperature changes are 
actually material strains multiplied by their moduli (E) since the superstructure was 
longitudinally unconstrained.  These equivalent stresses were calculated from the strain 
measurements for ease of comparison. Since the temperature data was not recorded  
12 
 
 
Figure 7.  Typical stress plot vs. time. 
through the thickness of the deck, nor at multiple locations on the girders, differential 
stresses due to thermal gradient effects could not be considered. 
The measured change in stress due to lifting, σ-change, is calculated as the 
averaged stress value over the entire length of time that the bridge superstructure was 
supported on the SPMT’s.  The equivalent temperature stress, σ-temp, is calculated as the 
difference between the smoothed stress and the averaged stress.  The smoothed stress is 
obtained by using a moving average filter on the time domain data.  The span used for the 
filter was 60 minutes.  The intent of this smoothing was to separate out the effects of 
slowly changing temperature from the effects of bridge dynamics.  The dynamic stress    
13 
 
 
Figure 8.  Typical stress plot vs. time (close-up view). 
σ-dyn, is calculated as the difference between the measured stress and the smoothed 
stress while the system was recording in the dynamic mode. 
At any point in time, the measured stress is made up by the addition of σ-change, 
σ-temp, σ-dyn as shown in Figure 8.  Figures 7 and 8 show the time history for a typical 
sensor.  All sensors on all bridges were processed in a consistent manner.  The maximum 
absolute values of each of these three quantities are presented in Tables 2 and 3.  The 
maximums of each of these quantities do not generally occur at the same point in time.  
Appendices A through E show the stress plots versus time as well as the smoothed and 
dynamic stress for each sensor of all five bridges. 
14 
 
Table 2.  Mid-span measured stress results 
 
 
Table 3.  Lift point measured stress results 
 
Bridge Gage
σ-change 
at Sensor 
(ksi)
max σ-temp 
(Eε)        
(ksi)
max σ-dyn 
at Sensor 
(ksi)
3U 39.5 5.0 0.5
3L -28.2 2.6 0.5
3U 19.1 3.4 0.6
3L -20.4 1.4 0.7
3U 26.2 2.1 0.4
3L -19.1 2.1 0.3
3U 15.6 2.8 0.3
3L -18.6 2.4 1.0
3U - - -
3L -15.3 1.1 0.7
1
2
3
4
5
Bridge Gage
σ-change 
at Sensors 
(ksi)
max σ-
temp 
(Eε)
max σ-dyn 
at Sensor 
(ksi)
1U 28.1 3.2 1.3
1L -20.7 2.1 1.2
2U 27.5 2.5 1.1
2L -17.6 2.6 1.5
4U 30.0 3.8 1.2
4L -16.4 2.5 1.7
5U 31.4 6.3 1.2
5L -19.1 4.5 1.4
1U 12.6 3.0 1.3
1L - - -
2U 18.9 4.1 2.5
2L -12.3 2.3 1.0
4U 16.0 2.6 1.8
4L -15.2 1.7 2.5
5U 14.9 1.9 1.9
5L -12.7 2.0 1.6
1U 28.3 1.7 1.6
1L -25.4 3.3 2.4
2U 37.6 3.2 1.9
2L -19.5 2.7 1.5
4U 21.0 2.7 1.2
4L -20.4 2.3 1.6
5U 29.4 2.4 1.3
5L -29.5 4.2 2.1
1U 9.8 3.1 1.0
1L -8.9 2.4 1.7
2U 9.4 3.4 0.6
2L -11.5 3.1 2.0
4U 5.6 2.0 0.5
4L - - -
5U 12.0 3.3 0.7
5L -8.5 5.0 2.3
1U 11.1 1.8 0.8
1L - - -
2U - - -
2L -9.6 2.2 1.4
4U 11.5 3.1 0.6
4L -8.8 1.4 0.9
5U 13.7 1.7 1.2
5L -10.3 1.6 1.5
1
2
3
4
5
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Data Interpolation 
All of the measured stresses occur at the location where the sensors were placed.  
However, the stresses measured are not the maximum stresses that occur in the girders, 
except the upper mid-span sensors which were placed directly on the bottom of the deck.  
In order to extrapolate these stresses to the extreme fibers of the girders the neutral axis 
of the lifting configuration was located. This was done by calculating the point of zero 
stress from the measured change in stresses of the upper and lower sensors and assuming 
plane sections remain plane.  Using this information the measured change in stress and 
dynamic stress at the extreme fiber of the steel girders was estimated.  Tables 4 and 5 
show these stresses. The equivalent temperature stress values are primarily due to axial 
elongation and contraction in the girders.  Additionally the values from the upper and 
lower sensors are not taken at the same point in time.  Therefore, the value recorded at 
the sensor is taken as the value at the extreme fiber.   
Also, the maximum moment that occurs when lifting the superstructures on 
SPMT’s is located where the bridge is lifted.  Because the lifting point sensors were 
located a short distance away from this point these measured stresses do not represent the 
maximum change in stress that occurs in the girders or the maximum dynamic stress.  A 
two dimensional analysis using the estimated tributary dead load of the superstructure 
was done in order to find the moment that occurs where the lifting point sensors were 
placed as well as where the bridge was lifted.  This percentage increase in moment at the 
actual lifting points was then multiplied to the measured change in stress and the 
maximum dynamic stress at the extreme fiber of the girders.  These stresses are shown in 
16 
 
Table 5.  The equivalent temperature stresses are assumed to be unchanged.  Appendix F 
contains the girder and contributing deck dimensions used in these calculations.  
Appendix G contains the initial and lifting moment diagrams.   
 
 
 
 
 Table 4.  Interpolation of σ-change and σ-dyn for mid-span 
 
Bridge Gage
Increase to 
Extreme 
Fiber
σ-change 
at Extreme 
Fiber (ksi)
max σ-dyn at 
Extreme Fiber 
(ksi)
3U 1.0 39.5 0.5
3L 1.2 -33.4 0.6
3U 1.0 19.1 0.6
3L 1.1 -23.3 0.8
3U 1.0 26.2 0.4
3L 1.3 -24.1 0.4
3U 1.0 15.6 0.3
3L 1.2 -22.1 1.1
3U - - -
3L - - -
1
2
3
4
5
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Table 5 Interpolation of σ-change and σ-dyn for lift points 
 
Bridge Gage
Increase 
to Extreme 
Fiber
Increase 
to Lift 
Point
σ-change at 
Extreme Fiber 
at Lift Point 
max σ-dyn at 
Exterme Fiber at 
Lift Point (ksi)
1U 1.1 1.2 36.0 1.7
1L 1.2 1.2 -28.2 1.7
2U 1.1 1.2 35.1 1.4
2L 1.2 1.2 -24.3 2.0
4U 1.1 1.2 38.0 1.5
4L 1.2 1.2 -23.1 2.4
5U 1.1 1.2 39.9 1.6
5L 1.2 1.2 -26.4 1.9
1U - 1.2 - -
1L - 1.2 - -
2U 1.1 1.2 25.1 3.3
2L 1.2 1.2 -17.7 1.4
4U 1.1 1.2 21.1 2.3
4L 1.2 1.2 -20.8 3.4
5U 1.1 1.2 19.5 2.5
5L 1.2 1.2 -17.5 2.2
1U 1.2 1.1 38.3 2.2
1L 1.2 1.1 -34.9 3.3
2U 1.2 1.1 49.0 2.5
2L 1.3 1.1 -28.6 2.2
4U 1.2 1.1 28.7 1.7
4L 1.2 1.1 -27.8 2.1
5U 1.2 1.1 40.3 1.8
5L 1.2 1.1 -40.2 2.9
1U 1.2 1.3 15.9 1.6
1L 1.2 1.3 -14.4 2.8
2U 1.3 1.3 15.8 1.0
2L 1.2 1.3 -18.1 3.1
4U - 1.3 - -
4L - 1.3 - -
5U 1.2 1.3 19.0 1.2
5L 1.2 1.3 -14.0 3.8
1U - 1.3 - -
1L - 1.3 - -
2U - 1.3 - -
2L - 1.3 - -
4U 1.2 1.3 18.5 1.0
4L 1.2 1.3 -14.5 1.4
5U 1.2 1.3 22.0 2.0
5L 1.2 1.3 -17.1 2.5
1
2
3
4
5
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Calculated Stresses 
A two dimensional analysis was used to calculate the dead load stresses for each 
girder.  All dead loads were supported by the simply supported steel girders prior to 
lifting by the SPMT’s.  The weight density of reinforced concrete and steel were taken as 
150 pcf and 490 pcf, respectively.  Using these loadings, moment diagrams were 
developed for each bridge and are shown in Appendix G.  The moments of inertia (I) at 
the mid-span and lifting point cross-sections were also calculated, as well as the location 
of the neutral axis and the distance from the extreme fibers of the girder to the neutral 
axis (y).  Using the flexure formula (σ = My/I) the stresses developed at the extreme fiber 
of the girders were calculated for the initial configurations (on temporary abutments).   
In its initial state, the deck was unstressed since the concrete was cast on the steel 
girders and completely supported by them.  Because the lifting point sensors on Bridge 
No. 1 were placed on exterior girders (Figure 4), the additional weight of the parapet is 
considered.  The parapet load was assumed to be carried completely by these exterior 
girders.  The parapets were constructed after the deck was allowed to cure, therefore a 
new moment of inertia (I) was calculated which included the composite section of the 
steel girder and the reinforced concrete deck.  The stress due to the parapet dead load 
(calculated using the composite moment of inertia) was added to the initial dead load 
stresses due to the deck and girder dead loads (using the moment of inertia of the steel 
girder).   
The difference between the measured change in stress due to lifting (σ-change) 
and the calculated initial stress (σ-int) was defined as the stress in the bridges induced by 
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lifting.  This stress was called the calculated lifting stress (σ-lifting).  The calculated 
initial stresses (σ-int) and the calculated lifting stress (σ-lifting) for mid-span and lift 
points of the bridges are found in Tables 6 and 7.  All of these values are tabulated for 
extreme fiber locations and at the lifting points. 
 
 
 
Table 6.  Mid-span calculated stress results 
 
 
 
 
Bridge Gage
σ-int 
(ksi)
σ-change 
(ksi)
σ-lifting 
(ksi)
3U -25.5 39.5 14.0
3L 15.9 -33.4 -17.5
3U -18.8 19.1 0.3
3L 13.9 -23.3 -9.4
3U -21.4 26.2 4.8
3L 17.3 -24.1 -6.8
3U -15.6 15.6 0.0
3L 12.2 -22.1 -10.0
3U -15.4 - -
3L 12.0 - -
1
2
3
4
5
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Table 7. Lifting point calculated stress results 
 
Bridge Gage
σ-int 
(ksi)
σ-change 
(ksi)
σ-lifting 
(ksi)
1U -21.8 36.0 14.3
1L 18.6 -28.2 -9.5
2U -21.8 35.1 13.3
2L 18.6 -24.3 -5.6
4U -21.8 38.0 16.3
4L 18.6 -23.1 -4.4
5U -21.8 39.9 18.1
5L 18.6 -26.4 -7.8
1U -14.4 - -
1L 10.6 - -
2U -12.8 25.1 12.3
2L 9.4 -17.7 -8.3
4U -16.1 21.1 5.0
4L 11.9 -20.8 -8.9
5U -16.1 19.5 3.4
5L 11.9 -17.5 -5.6
1U -21.2 38.3 17.1
1L 17.0 -34.9 -17.9
2U -21.2 49.0 27.8
2L 17.0 -28.6 -11.5
4U -21.2 28.7 7.4
4L 17.0 -27.8 -10.8
5U -21.2 40.3 19.1
5L 17.0 -40.2 -23.1
1U -11.8 15.9 4.1
1L 9.2 -14.4 -5.1
2U -11.8 15.8 4.0
2L 9.2 -18.1 -8.8
4U -11.8 - -
4L 9.2 - -
5U -11.8 19.0 7.1
5L 9.2 -14.0 -4.8
1U -11.7 - -
1L 9.1 - -
2U -11.7 - -
2L 9.1 - -
4U -11.7 18.5 6.9
4L 9.1 -14.5 -5.4
5U -11.7 22.0 10.4
5L 9.1 -17.1 -8.0
1
2
3
4
5
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Confirmation of Lifting Stress 
As previously stated, the lifting stress was calculated from the difference between 
the calculated initial stress and the measured change in stress due to lifting.  Because the 
lifting stress was based partially on the initial stress calculated from a 2-D analysis this 
lifting stress was estimated using 2-D analysis and compared to the measured lifting 
stress.   
It was reported that the concrete deck cracked at various locations, therefore two 
extreme cases were used to calculate the moments of inertia (I):   one including the deck 
and the other neglecting the deck.  Also, the dead loads of the concrete end diaphragms 
were included since they were no longer supported by the temporary supports in the 
lifting configuration.  These dead loads are shown in Appendix G as well as the lifting 
moment diagrams.  Using the flexure formula the two estimated lifting stresses were 
calculated for the extreme fibers of the girders.  Theses stresses were compared to the 
measured lifting stresses in Chapter 4.  Appendix H through L shows a complete list of 
figures showing this comparison for each sensor group. 
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CHAPTER 4 
DATA EVALUATION AND INTERPRETATION 
Dynamic Effects 
 Two observations were observed from the dynamic stress calculations.  At a 
number of times while the bridge superstructure was carried on SPMT’s there were 
significant increases in stresses (in tension or compression) over a short period of time.  
An example of this is shown in Figure 9.  A possible cause of this type of increase in 
stress is that the bridge deck near the sensor location cracked. This would have decreased 
the composite moment of inertia (I) dramatically over a short period of time, resulting in 
a substantial and abrupt stress increase in the steel girder.   
 
 
Figure 9.  Dynamic stress (deck cracking). 
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Another observation found from the dynamic stress calculations was that the 
dynamic stresses oscillate back and forth.  An example of this is shown in Figure 10.  A 
possible cause of this type of stress change is bouncing of the structure while being 
driven over uneven surfaces.  Each of these observations was defined as dynamic stress. 
The ratios of the maximum dynamic stress (σ-dyn) to lifting stress (σ-lift) are 
shown in Tables 8 and 9 in percentage form.  The average and maximum dynamic to 
lifting stress ratios for the mid-span were 202.1% and 1361.6% respectively.  Similarly, 
the average and maximum ratios for the lift points were 27.5% and 79.2% respectively.  
These ratios were calculated for comparison to the 15% impact factor to dead load 
recommended by the FHWA (FHWA, 2007). In the case where the change in stress due 
to lifting just overcomes the initial stress, the lifting stress is close to zero (σ-lift = σ-int - 
σ-change).  This results in a small value in the denominator of the dynamic to lifting 
stress ratio, dramatically increasing this value.  Because of this, the dynamic stress to the 
change in stress due to lifting (σ-change) ratio was also calculated.  These ratios are 
shown in Tables 6 and 7.  The average and maximum ratios for mid-span were 2.6% and 
5.1% respectively.  Similarly for the lift points, the average and maximum ratios were 
9.4% and 27.2%, respectively. 
Thermal Effects 
The reported stresses due to temperature effects (Tables 2 and 3) are equivalent 
stresses or measured strains converted into stresses using Hooke’s Law (Eε).  If these 
strains were allowed to develop into stresses they would be significant, the maximum 
being 6.32 ksi.  However, the bridges were free to expand and contract due temperature  
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Figure 10.  Dynamic stress (driving over uneven surfaces).  
 
Table 8.  Dynamic stress (σ-dyn) to change in stress (σ-change) and lifting stress (σ-lift) 
ratios for mid-span 
 
.  
 
Bridge Gage
σ-dyn /     
σ-lift
σ-dyn /     
σ-change
3U 3.9% 1.4%
3L 3.5% 1.8%
3U 218.8% 3.4%
3L 8.8% 3.6%
3U 7.9% 1.4%
3L 5.8% 1.6%
3U 1361.6% 2.2%
3L 11.3% 5.1%
3U - -
3L - -
Avgerage = 202.7% 2.6%
Maximum = 1361.6% 5.1%
1
2
3
4
5
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Table 9.  Dynamic stress (σ-dyn) to change in stress (σ-change) ratios for lift points 
 
Bridge Gage
σ-dyn /     
σ-lift
σ-dyn /    
σ-change
1U 11.7% 4.6%
1L 17.7% 6.0%
2U 10.7% 4.1%
2L 36.2% 8.4%
4U 9.4% 4.0%
4L 54.7% 10.5%
5U 8.6% 3.9%
5L 25.0% 7.4%
1U - -
1L - -
2U 26.9% 13.2%
2L 16.9% 7.9%
4U 47.0% 11.1%
4L 37.7% 16.1%
5U 74.3% 13.0%
5L 40.1% 12.8%
1U 12.9% 5.8%
1L 18.3% 9.4%
2U 8.8% 5.0%
2L 18.7% 7.6%
4U 22.8% 5.9%
4L 19.7% 7.6%
5U 9.4% 4.5%
5L 12.4% 7.2%
1U 40.0% 10.2%
1L 54.6% 19.6%
2U 24.2% 6.1%
2L 34.7% 17.0%
4U - -
4L - -
5U 16.6% 6.2%
5L 79.2% 27.2%
1U - -
1L - -
2U - -
2L - -
4U 14.6% 5.4%
4L 26.1% 9.8%
5U 18.9% 8.9%
5L 30.7% 14.4%
Average = 27.5% 9.4%
Maximum = 79.2% 27.2%
1
2
3
4
5
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change and these strains as measured resulted in no actual stresses in the members.  
These apparent stresses are only strains due to axial elongation or shortening.  There was 
not sufficient data to measure the thermal gradient effects in girders.   
Lifting Effects 
Each superstructure was simply supported during construction.  In order to lift the 
bridge off these initial supports the lifting supports were placed away from the ends. This 
caused a cantilevered section of the bridge at each end. In this configuration the stresses 
in the top of the bridge sections reversed from compression to tension and in the bottom, 
tension to compression.  This caused the initially unstressed concrete deck to develop 
considerable tensile stress causing the concrete to crack at some locations.   
 In order to confirm that the measured lifting stresses were reasonable, a 
theoretical 2-D calculation of the lifting stresses was calculated for the two extreme cases 
of the deck being fully cracked and the deck being un-cracked.  These theoretical stresses 
were compared to the measured lifting stresses.  A complete list of figures showing this 
comparison is found in Appendix H through L.  Most of the measured lifting stresses 
were between two extreme cases or within an average of 2.5 ksi.  However there were a 
few cases where the stresses were much greater than these limiting stresses.  One cause of 
this could be a difference in load distribution between girders.  The theoretical 
calculations assumed a tributary width of deck dead load applied to each girder but in 
reality this might not be the case thus increasing or decreasing the load applied to a 
specific girder. 
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Deck Cracking Reduction 
To limit the stress developed in the deck due to lifting it is recommended that the 
distance between the lifting points and support points be minimized.  In some cases, the 
stress reversals may result in substantial deck cracking.  Additional research is required to 
address the problems associated with the long-term behavior of decks that were cracked 
during the construction process.  In addition, the use of lightweight concrete in the deck 
may be used to reduce lifting stresses.    
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CHAPTER 5 
CONCLUSION AND RECOMMENDATIONS 
 A number of factors could have affected the level of dynamic stress.  Overall the 
dynamic stresses were found to be fairly consistent for each of the bridges studied.  The 
maximum dynamic stress for the mid-span sensors was 1.1 ksi and for the lifting point 
sensors the maximum was 3.8 ksi.  The average dynamic stress for mid-span was 0.6 ksi 
and 2.1 ksi for the lift points.  The average and maximum dynamic stress to lifting stress 
ratios were 202.1% and 1361.6%, respectively, for mid-span and 27.5% and 79.2%, 
respectively, for the lift points.  Because of the instances where the lifting stress was 
close to zero it is not recommended to use these ratios in future designs.    These ratios 
can be directly compared to the recommended 15% impact factor to dead load from the 
FHWA (FHWA, 2007).  A more reasonable impact factor to use would be the ratio of 
dynamic stress to change in stress due to lifting where the change in stress due to lifting 
is the summation of the initial stress and the absolute value of the additional stress due to 
lifting.  The average and maximum ratios of dynamic stress to change in stress due to 
lifting for mid-span were 2.6% and 5.1%.  Similarly, the average and maximum ratios for 
the lift points were 9.4% and 27.2%.   
The equivalent temperature stress is a measured material strain multiplied by its 
modulus. These equivalent stresses ranged from 1.1 ksi to 5.0 ksi for the mid-span and 
1.4 ksi to 6.3 ksi for the lift points.  These values reflect the temperature changes that 
occurred during the lift and move. 
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The change in stress due to lifting is the change in stress (compression to tension 
and vise-versa) from when the bridge was initially simply supported to when the bridge 
was supported on the SPMT’s. It was found that these changes in stress ranged from 15.6 
ksi to 39.5 ksi at the mid-span and 14.0 ksi to 49.0 ksi at the lift points.  The initial 
stresses (σ-int) were subtracted from the change in stress (σ-change) to find the lifting 
stress (σ-lift).  These stresses ranged from 0 ksi to 17.5 ksi at the mid-span and 3.4 ksi to 
27.8 ksi. 
UDOT is a leader in ABC in the United States and are accumulating significant 
experience in the use of SPMT’s.  Additional research and monitoring is needed as these 
bridges are moved in order to validate current design assumptions and practices. 
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Appendix A:  Analyzed Data for Bridge 1 
 
 
Figure 11.  Analyzed data for 1U on Bridge 1. 
 
 
Figure 12.  Analyzed data for 1L on Bridge 1. 
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Figure 13.  Analyzed data for 2U on Bridge 1. 
 
 
 
Figure 14.  Analyzed data for 2L on Bridge 1. 
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Figure 15.  Analyzed data for 3U on Bridge 1. 
 
 
Figure 16.  Analyzed data for 3L on Bridge 1. 
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Figure 17.  Analyzed data for 4U on Bridge 1. 
 
 
Figure 18.  Analyzed data for 4L on Bridge 1. 
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Figure 19.  Analyzed data for 5U on Bridge 1. 
 
 
Figure 20.  Analyzed data for 5L on Bridge 1. 
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Appendix B:  Analyzed Data for Bridge 2 
 
Figure 21.  Analyzed data for 1U on Bridge 2. 
 
 
Figure 22.  Analyzed data for 1L on Bridge 2. 
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Figure 23.  Analyzed data for 2U on Bridge 2. 
 
 
Figure 24.  Analyzed data for 2L on Bridge 2. 
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Figure 25.  Analyzed data for 3U on Bridge 2. 
 
 
Figure 26.  Analyzed data for 3L on Bridge 2. 
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Figure 27.  Analyzed data for 4U on Bridge 2. 
 
 
Figure 28.  Analyzed data for 4L on Bridge 2. 
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Figure 29.  Analyzed data for 5U on Bridge 2. 
 
 
Figure 30.  Analyzed data for 5L on Bridge 2. 
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Appendix C:  Analyzed Data for 700 East 
 
Figure 31.  Analyzed data for 1U on Bridge 3. 
 
 
Figure 32.  Analyzed data for 1L on Bridge 3. 
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Figure 33.  Analyzed data for 2U on Bridge 3. 
 
 
Figure 34.  Analyzed data for 2L on Bridge 3. 
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Figure 35.  Analyzed data for 3U on Bridge 3. 
 
 
Figure 36.  Analyzed data for 3L on Bridge 3. 
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Figure 37.  Analyzed data for 4U on Bridge 3. 
 
 
Figure 38.  Analyzed data for 3L on Bridge 3. 
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Figure 39.  Analyzed data for 5U on Bridge 3. 
 
 
Figure 40.  Analyzed data for L on Bridge 3. 
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Appendix D:  Analyzed Data for Bridge 4 
 
Figure 41.  Analyzed data for 1U on Bridge 4. 
 
 
Figure 42.  Analyzed data for 1L on Bridge 4. 
48 
 
 
Figure 43.  Analyzed data for 2U on Bridge 4. 
 
 
Figure 44.  Analyzed data for 2L on Bridge 4. 
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Figure 45.  Analyzed data for 3U on Bridge 4. 
 
 
Figure 46.  Analyzed data for 3L on Bridge 4. 
50 
 
 
Figure 47.  Analyzed data for 4U on Bridge 4. 
 
 
Figure 48.  Analyzed data for 4L on Bridge 4. 
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Figure 49.  Analyzed data for 5U on Bridge 4. 
 
 
Figure 50.  Analyzed data for 5L on Bridge 4. 
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Appendix E:  Analyzed Data for Bridge 5 
 
Figure 51.  Analyzed data for 1U on Bridge 5. 
 
 
Figure 52.  Analyzed data for 1L on Bridge 5. 
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Figure 53.  Analyzed data for 2U on Bridge 5. 
 
 
Figure 54.  Analyzed data for 2L on Bridge 5. 
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Figure 55.  Analyzed data for 3U on Bridge 5. 
 
 
Figure 56.  Analyzed data for 3L on Bridge 5. 
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Figure 57.  Analyzed data for 4U on Bridge 5. 
 
 
Figure 58.  Analyzed data for 4L on Bridge 5. 
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Figure 59.  Analyzed data for 5U on Bridge 5. 
 
 
Figure 60.  Analyzed data for 5L on Bridge 5. 
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Appendix F:  Girder and Contributing Deck Dimensions 
Table 10.  Contributing deck and girder dimensions for Bridge 1 
Girder 
Deck Upper Flange Web Lower Flange Parapet 
Area 
(in
2
) 
Height 
(in) 
Width 
(in) 
Height 
(in) 
Width 
(in) 
Height 
(in) 
Width 
(in) 
Height 
(in) 
Width 
(in) 
1 8 116.5 1 20 58  5/8 1 5/8 24 547 
4 8 135 1 20 58  5/8 1 7/8 24 0 
8 8 116.5 1 20 58  5/8 1 5/8 24 547 
 
 
Table 11.  Contributing deck and girder dimensions for Bridge 2 
Girder 
Deck Upper Flange Web Lower Flange 
Height 
(in) 
Width 
(in) 
Height 
(in) 
Width 
(in) 
Height 
(in) 
Width 
(in) 
Height 
(in) 
Width 
(in) 
2 8 98.6* 1 14 62 11/16 2 14 
6 8 120 1 14 62 11/16 2 14 
9 8 120 1 14 62 11/16 2 14 
*Note:  Average deck width.  Width varied from 120" to 77"   
 
 
Table 12.  Contributing deck and girder dimensions for Bridge 3 
Girder 
Deck Upper Flange Web Lower Flange 
Height 
(in) 
Width 
(in) 
Height 
(in) 
Width 
(in) 
Height 
(in) 
Width 
(in) 
Height 
(in) 
Width 
(in) 
2 8 117 1 7/8 22 51.5 11/16 2 5/8 22 
4 8 117 2 3/8 22 51.5 11/16 3 1/4 22 
7 8 117 1 7/8 22 51.5 11/16 2 5/8 22 
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Table 13.  Contributing deck and girder dimensions for Bridge 4 
Girder 
Deck Upper Flange Web Lower Flange 
Height 
(in) 
Width 
(in) 
Height 
(in) 
Width 
(in) 
Height 
(in) 
Width 
(in) 
Height 
(in) 
Width 
(in) 
2 8 117 1 16 38   1/2  1 1/4 19 
4 8 117 1 16 38   1/2  1 1/4 19 
7 8 117 1 16 38   1/2  1 1/4 19 
 
 
Table 14.  Contributing deck and girder dimensions for Bridge 5 
Girder 
Deck Upper Flange Web Lower Flange 
Height 
(in) 
Width 
(in) 
Height 
(in) 
Width 
(in) 
Height 
(in) 
Width 
(in) 
Height 
(in) 
Width 
(in) 
2 8 114 1 16 38   1/2  1 1/4 19 
3 8 114 1 16 38   1/2  1 1/4 19 
4 8 114 1 16 38   1/2  1 1/4 19 
 
 
  
 Figure 61
 
 
Figure 62
Appendix G:  Moment Diagrams 
.  Moment diagram for Bridge 1 (north girder).
.  Moment diagram for Bridge 1 (center girder)
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. 
 Figure 63
 
 
Figure 64
.  Moment diagram for Bridge 1 (south girder).
.  Moment diagram for Bridge 2 (north girder).
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 Figure 65
 
Figure 66
.  Moment diagram for Bridge 2 (center girder)
.  Moment diagram for Bridge 2 (south girder).
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 Figure 67
 
Figure 68
.  Moment diagram for Bridge 3 (north girder).
.  Moment diagram for Bridge 3 (center girder)
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 Figure 69
 
Figure 70
.  Moment diagram for Bridge 3 (south girder).
.  Moment diagram for Bridge 4 (north girder).
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 Figure 71
 
Figure 72
.  Moment diagram for Bridge 4 (center girder)
.  Moment diagram for Bridge 4 (south girder).
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 Figure 73
 
Figure 74
.  Moment diagram for Bridge 5 (north girder).
.  Moment diagram for Bridge 5 (center girder)
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 Figure 75
 
.  Moment diagram for Bridge 5 (south girder).
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 Appendix H:  Lifting Stress Comparisons
Figure 76.  Lifting 
Figure 77.  Lifting 
 for Bridge 1 
stress comparison for Bridge 1, sensor group 1
stress comparison for Bridge 1, sensor group 2
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 Figure 78.  Lifting 
Figure 79.  Lifting 
 
 
stress comparison for Bridge 1, sensor group 3
stress comparison for Bridge 1, sensor group 4
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 Figure 80.  Lifting 
 
stress comparison for Bridge 1, sensor group 5
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 Appendix I:  Lifting Stress Comparison for Bridge 2
Figure 81.  Lifting 
Figure 82.  Lifting 
 
stress comparison for Bridge 2, sensor group 2
stress comparison for Bridge 2, sensor group 3
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 Figure 83.  Lifting 
Figure 84.  Lifting 
 
stress comparison for Bridge 2, sensor group 4
stress comparison for Bridge 2, sensor group 5
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 Appendix J:  Lifting Stress Comparison for Bridge 3
Figure 85.  Lifting 
Figure 86.  Lifting 
 
stress comparison for Bridge 3, sensor group 1
stress comparison for Bridge 3, sensor group 2
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 Figure 87.  Lifting 
Figure 88.  Lifting 
stress comparison for Bridge 3, sensor group 3
stress comparison for Bridge 3, sensor group 4
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 Figure 89.  Lifting 
 
stress comparison for Bridge 3, sensor group 5
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 Appendix K:  Lifting Stress Comparison for Bridge 4
Figure 90.  Lifting 
Figure 91.  Lifting 
 
stress comparison for Bridge 4, sensor group 1
stress comparison for Bridge 4, sensor group 2
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 Figure 92.  Lifting 
Figure 93.  Lifting 
 
stress comparison for Bridge 4, sensor group 3
stress comparison for Bridge 4, sensor group 5
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 Appendix L:  Lifting Stress 
Figure 94.  Lifting 
Figure 95.  Lifting 
Comparison for Bridge 5 
stress comparison for Bridge 5, sensor group 4
stress comparison for Bridge 5, sensor group 5
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